Adaptive immunity in the colostrum-deprived calf: response to early vaccination with Mycobacterium bovis strain bacille Calmette Guerin and ovalbumin.
Responses of the newborn calf to vaccination are frequently characterized by marginal antibody (Ab) responses. The present study evaluated effects of colostrum ingestion on the adaptive immune response of the preruminant calf to early vaccination. Colostrum-fed (CF) and colostrum-deprived (CD) calves were vaccinated at 2 d of age with Mycobacterium bovis, Pasteur strain of bacille Calmette Guerin (BCG), and ovalbumin (OVA) to track development of the adaptive immune response during the first 8 wk of life. Dams were also vaccinated with BCG prepartum. At wk 0, serum IgG(1), IgG(2), IgA, and IgM were elevated in CF calves, with IgG(1) predominating. In these calves, IgG(2), IgA, and IgM concentrations decreased with age. The CD calves, in contrast, had very low or undetectable serum immunoglobulin concentrations at wk 0 followed by an age-related increase in IgG(1), IgG(2), and IgM concentrations, suggesting endogenous production of these immunoglobulin classes. Immunoblot and ELISA analyses of Ab response to BCG vaccination indicated that colostrum ingestion was associated with measurable serum anti-mycobacterial Ab in CF calves during the first month postpartum, with substantially lower levels at 7 wk of age. Although mycobacteria-specific Ab was undetectable in CD calves at wk 0, it was present at 4 and 7 wk of age, suggesting that these calves, unlike CF calves, were capable of generating an Ab response to BCG vaccination. Antibody responses of CF and CD calves to vaccination with OVA, an antigen not present in the natural environment of dairy cattle, were of comparable magnitude and characterized by a progressive increase in Ab levels from birth (wk 0) to 7 wk of age. The disparate Ab responses of CF calves to BCG and OVA suggest that maternal antigenic experience or exposure influences Ab responses of the colostrum-fed preruminant calf to early vaccination. Ex vivo, antigen [OVA and M. bovis-derived purified protein derivative (PPDb)]-induced IFN-γ and nitric oxide responses of blood mononuclear cells (PBMC) from CF and CD calves were comparable at wk 0 and wk 7. As expected, responses were very low or nonexistent at wk 0. Responses for all calves were greater at wk 7 than at wk 0, suggesting a colostrum-independent maturation of the cell-mediated immune response capacity of the preruminant calf. The consistently greater proliferative responses of antigen-stimulated T-cell subsets at wk 7 versus wk 0 indicate the development of antigen-specific lymphocyte responses to early vaccination. Total numbers of blood leukocytes as well as numbers of lymphocytes and monocytes were unaffected by colostrum feeding; however, granulocyte numbers were higher in CD than in CF calves at wk 0. Granulocyte numbers decreased and monocyte numbers increased with age in all calves. Within the lymphocyte population, only natural killer (NK(+)) cell percentages were affected by colostrum ingestion, with higher percentages of NK(+) cells in CD calves at wk 0 and wk 7. Antigen-induced proliferation of lymphocyte subsets including IgM(+) cells was unaffected by colostrum ingestion. In conclusion, ingestion of colostrum within hours after birth inhibited the capacity of the calf to produce antigen-specific immunoglobulin (i.e., antibody) in response to vaccination, with little or no effect on cell-mediated immune responses. Although colostrum appeared to block endogenous antibody production, certain B-cell functions were retained. These findings will aid in development of new vaccination strategies for improving health of the preruminant calf.